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The Electrochemical Behavior of Homogeneous 
Pb-Tl Alloys in 1 N H2so4 
Pedro J. Aragon 
Department of Chemistry and the Graduate Center 
for Materials Research 
University of Missouri-Rolla, U.S.A. 
Abstract 
1 
The anodic polarization of Pb-Tl alloys (solid solu-
tions) in 1 N H2so4 was investigated using potentiostatic 
and galvanostatic techniques. Scanning electron microscopy 
(SEM) and x-ray diffractometry were used in the identifi-
cation of reaction products. 
In the potential range from -0.29 to 1.97 V (SHE), 
three principal film composition regions were distinguished: 
(1) -0.29 (the rest potential) to 0.22 V, only Pbso4 is 
present, (2) from 0.22 to ca. 1.52 V, PbOtet is the prin-
cipal product, although basic lead sulfates, and in some 
instances a-Pbo 2 , are also believed to be present, and (3) 
from 1.52 to 1.97 V, the formation of S-Pb02 is the dominant 
reaction. Removal of the B-Pb0 2 surface layer revealed an 
interior layer that contained significant quantities of 
a-Pb0 2 • The relative amounts of Pb0 2 on the surface de-
creased in this potential region with increasing amounts of 
Tl in the alloy and PbOtet became the dominant phase. The 
2 
presence of Tl(III) in the electrolyte indicates the Tl(I)/ 
Tl(III) redox reaction may be reducing the Pbo 2 • 
The existence of products such as a-Pb02 , PbOtet' and 
basic lead sulfates normally stable only in alkaline solu-
tions is consistent with previous postulations by others of 
an increased pH in the interior of the anodic products layer. 
Introduction 
Although the literature involving the corrosion of 
pure lead in sulfuric acid solutions is extensive, such 
studies still constitute an active field of investigation 
and debate~-S Much of the effort expended on this subject 
is due to the need of a better understanding of the reac-
tion in lead storage batteries as well as of the mode of 
electrocrystallization processes. 
3 
The resistance of lead to attack by sulfuric acid 
renders it an important coating material in this media. It 
is also often used in electrochemical synthesis because of 
its overvoltage characteristics. Unfortunately its mechani-
cal properties are poor, and many ways have been sought to 
improve them. In recent years, two materials, dispersion-
hardened lead and lead-thallium alloys, with improved phys-
ical properties and corrosion resistance have been intro-
duced into the market. The object of this study was to in-
vestigate the anodic behavior of the latter in sulfuric 
acid solutions in order to obtain a better understanding of 
its corrosion properties. 
4 
Experimental 
The alloys were prepared by fusing weighed amounts of 
* ** Pb and Tl in a pyrex tube under vacuum (constant pumping) 
in a controlled temperature furnace. Several of the alloys 
were fused in a hydrogen atmosphere with the idea of re-
ducing some of the oxides present, but with little effect. 
Accordingly, most of the samples were prepared by the former 
*** method, although two alloys (40 and 60% Tl) were pre-
pared in a hydrogen atmosphere because of the high vapor 
pressure of Tl. X-ray diffraction examination of the alloys 
showed them all to be solid solutions (single phase) in 
agreement with published data. 
Some of the samples were cut to a thickness of 1.5 mm 
and others were cold rolled to the same thickness to induce 
preferred orientation. All were wet polished on silicon 
carbide abrasive paper, washed in distilled water, dried, 
and then examined with the scanning electron microscope. 
No effect of rolling was noted in the surface topography 
99.9988% purity. 
Louis, Mo. 
Obtained from St. Joseph Lead Co., St. 
** 99.999% purity. Obtained 
Inc., Los Angeles, Calif. 
from Electronic Space Products, 
*** All alloy compositions are expressed as weight percent. 
of the polished samples. The surface area of the samples 
2 
was ca. 3.5 ern . 
The electrolyses were carried out potentiostatically 
in the usual H-cell of 600 rnl capacity. A Hg/Hg 2so4 (1 N 
H2so4 ) reference electrode was used. The potentials are 
reported with reference to the standard hydrogen electrode 
(SHE) at 25°C. All solutions were prepared using AR grade 
chemicals and distilled water. Others details of the ex-
perimental procedure have been described previously~ 
Results 
Three principal types of anodic polarization data were 
5 
collected: (1) Steady state current-potential relations, (2) 
current-time behavior during constant potential polarization, 
and (3) potential-time behavior subsequent to constant po-
tential polarization. The anodes were removed during the 
course of and following the experiments for examination with 
SEM and x-ray diffraction analysis. The results are sum-
rnarized in Tab. I. Typical polarization curves are shown 
in Fig. 1. Microphotographs of significant surface features 
are shown in Figs. 2-4. 
Discussion 
Several simultaneous and/or consecutive reactions ap-
parently occur when Pb-Tl alloys are anodically polarized 
in 1 N H2so4 which depend primarily on the potential. This 
6 
variation in reaction products plus the fact that many of 
them are deposited on the electrode surface where they exert 
an additional influence complicates the elucidation and 
proper sequence of the reactions. A large amount of the 
understanding of such processes comes from analysis of reac-
tion products. However, in conjunction with the analysis, 
polarization (and depolarization) data can often add valu-
able insight when one compares measured potentials with re-
versible values. When an electrode is being polarized 
(current passed), reversible potentials will often define 
regions where certain reactions can be excluded. When a 
polarization is interrupted and the electrode allowed to 
depolarize spontaneously (decay), the processes are sometimes 
slow enough that equilibrium conditions are approached and 
reversible potentials can be used to identify products on 
the electrode surface, roughly in the reverse order of their 
formation. Considerable thermodynamic data are available 
for the Pb-H 2so4 -H 2o and Tl-H 2o systems that are necessary 
for such comparisons and some of the more appropiate ones 
have been tabulated in Tab. II. 
An examination of the potential-decay data (Tab. I) 
shows that the entire polarization range can be divided 
into three potential regions: (1) -0.29 to 0.22 V, (2) 0.22 
to 1.52 V, and (3) 1.52 to 1.97 V. These divisions establish 
regions of existence for the different reaction products 
found by x-ray diffraction analysis. Only PbS0 4 was iden-
tified in the first potential region. In the second, Pbso 4 , 
PbOtet' and occasionally, basic lead sulfates of variable 
composition were identified. The compounds PbOtet' a-Pb0 2 , 
and B-Pb0 2 were identified in the third region. A small 
amount of some Tl compound was detected in the corrosion 
layer by microprobe analysis. It was suspected to be T1 2o 3 
since the sulfate and the monovalent oxide are quite solu-
ble and Tl+ 3 was found in the anolyte. 
The stabilities of products such as a-Pbo 2 , PbOtet' 
and basic lead sulfates are often questioned due to the low 
pH of the bulk electrolyte. Ruetschi and Angstadt 7 have 
considered this with respect to thermodynamic equilibrium 
inside the corrosion layer and concluded that the pH in the 
7 
layer must be considerable higher than in the bulk solution. 
When Pb-Tl alloys undergo anodic dissolution at low 
potentials in aqueous H2so4 solutions, the primary electro-
chemical reactions are eqs. (1) and (16), Tab. II. The Pb++ 
combines with so4 and crystallization of PbS04 commences when 
the solubility product is exceeded. This product forms a 
layer that gives some protection to the surface of the alloy 
from further attack. The overall reaction for the film for-
mation can be represented by eq. (2). 
In 1 N H2so4 (log a 50= = -2.27), the reversible poten-4 
tial for PbS0 4 formation is -0.29 V, in agreement with the 
experimental value of the rest potential, -0.29 V. This 
value was reached almost immediately with pure Pb and the 
low Tl content alloys. With the alloys containing 20, 40, 
and 60\ Tl, the initial potential was about -0.38 V, but 
8 
increased slowly to a steady value of -0.29 V. The initial 
value was probably a mixed potential involving eqs. (1),(16) 
and/or (18). 
Thus the alloy dissolves by a simultaneous dissolution 
of both Pb and Tl and the subsequent formation of PbS0 4 
leads to passivation. As the potential is increased, the 
thickness of the Pbso 4 layer is increased. Other processes 
may combine to alter the conditions of the system such as 
the establishment of a potential gradient estimated at 5 x 
10 4 volt·cm-l and an increase of pH and sulfate concen-
tration inside the Pbso4 layer, due to the potential gradi-
t 7,8 en • The products that were identified also suggest the 
further reactions which involve lead: 
= Pbo 2 H+ + 2 e tet + 
Pbo Pb ++ so-x tet + + 4 = xPbO·PbS0 4 
(6) 
(20) 
The reaction of Pb with water was confirmed by im-
mersing a sample with a highly polished surface into deaer-
ated hot water. After six hours it was removed, dried, and 
quickly subjected to x-ray diffraction and SEM analysis 
(Fig. 4). PbOtet' Pb(OH) 2 , and Pb(OH) 2 ·2PbC0 3 were iden-
tified, the latter probably due to reaction with atmos-
pheric co 2 • As the potential is made more positive, other 
reactions occur in the intercrystalline space such as: 
Pb++ + 2 H20 = HPbO; + 3 H 
+ (21) 
HPbOz = a-Pb0 2 + 
2 H+ + 2 e (2 2) 
PbOtet + H20 = cx-Pb0 2 + 2 
H+ + 2 e (1 0) 






Distance from Electrode 
The formation of both a- and S-Pb0 2 are included in 
this proposed scheme in accord with the x-ray analysis. The 
latter oxide must therefore form a layer next to the solution 
and is responsible for the characteristic x-ray patterns. 
As the amount of Tl is increased in the alloy, the 
x-ray diffraction patterns (Figs. 5-7) of samples polarized 
at 1.97 V show a decrease in the ratio of Pb0 2/PbOtet" Tl 
provides species more soluble than Pb in sulfuric acid and 
undoubtedly causes the surface layer to be more porous, i.e., 
increases the number of channels and cracks. This facili-
tates a decreased pH and sulfate diffusion within the inter-
crystalline spaces, thus rendering the formation of a-Pb0 2 
more difficult and favoring the formation of basic lead 
sulfates. Other reactions which may also occur, although 
on a smaller scale, are: 
2 Tl+ + = a.-Pb02 + 504 + H20 = 
T1 20 3 + PbS04 + 2 
H+ + 2 e (23) 
Tl+ + a-Pb02 + 7 Hso; + 3 H+ = 
[Tl(HS04 ) 6 ]-
3 + PbS0 4 + 2 H2o (24) 
10 
The current-time curves, Fig. (8) always show a sharp 
maximum which lasts no more than one second immediately 
after begining an experiment. This peak has been attributed 
7 to an initial formation of PbS04 . A second broad peak as-
sociated with polarization above 1.52 V has been attributed 
to the formation of Pb0 2 . This second peak was found to 
decrease with an increasing Tl content 1n the alloys and 
had almost disappeared for the Pb-60% Tl. 
Aminimum in current density between 0.22 and 0.32 
V should be noted in the polarization curves of both the 
Pb and the Pb-Tl alloys. This has not been reported previ-
ously and it is believed to originate from the formation 
of Pb(OH) 2 , a highly non-conductive product whose equi-
librium potential is 0.221 V at pH = 0.35. 
When electrodes are depolarized at open circuit, the 
impressed potential across the product layer is removed. 
Therefore, the pH within the intercrystalline spaces will 
+ decrease as diffusion of H occurs, and the concentration 
of so4 will gradually approach that of the bulk value. 
The plateaus observed in the depolarization curves 
(1.52 and 0.22 V, Tab. I) indicated reduction according 
to eqs. (14) and/or (15), (6), and a chemical reaction that 
can be represented by: 
= 2 PbS04 + H2o (25) 
11 
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Captions for Figures 
1. Polarization curves for Pb and Pb-Tl alloy electrodes 
in 1 N H2so 4 at 2 5° C: 0 pure Pb, 0 Pb- 5% T1, 0 
Pb-13% Tl, V Pb-20% Tl, 0 Pb-40% Tl, A Pb-60% Tl. 
12 
2. (a) Surface of a Pb-13% Tl alloy electrode after polar-
ization at 1.97 V in 1 N H2so4 , (b) surface of a Pb 
electrode after polarization at 1.40 V in 1 N H2so4 . 
3000 X 
3. (a) Surface of a Pb electrode after immersion in a 
K2so4 -H 2so4 solution (pH = 2) for 30 minutes, (b) sur-
face of a Pb-S% Tl alloy electrode after polarization 
at 1.97 V and subsequent decay to rest potential in 1 
N H2so 4 • 3000 X 
4. (a) Surface of a Pb electrode after polarization at 2.20 
V for 24 hours in 1 N H2so4 , 1000 X, (b) surface of a Pb 
electrode after immersion for six hours in hot deaerated 
water. 3000 X 
s. X-ray diffraction spectra of (a) Pb-1% Tl alloy surface, 
(b) Pb-S% Tl alloy surface after polarization for 24 
hours at 1.97 V in 1 N H2so4 • Both samples show PbOtet 
and 8-Pb0 2 • 
6. X-ray diffraction spectra of (a) Pb-13% Tl alloy sur-
face, (b) Pb-20% Tl alloy surface after polarization 
for 24 hours at 1.97 V in 1 N H2so 4 . Both samples show 
PbOtet and 8-Pbo 2 • 
13 
7. X-ray diffraction spectra of (a) Pb-40% Tl alloy sur-
face showing only PbOtet' (b) Pb-60% Tl alloy surface 
showing PbOtet and a very small amount of S-Pbo2 . Both 
samples polarized 24 hours at 1.97 V in 1 N H2so4 . 
8. Current-time curves for electrodes polarized for 24 
hours at 1.97 V in 1 N H2so4 . (a) Pb-60% Tl alloy, (b) 
















































































Summary of Rest Potential and Potential Decay Data for Pb-Tl Alloys Electrodes in 1 N 
H2so4 Acid at 25°C 
Alloy* 1% 5% 13% 2 0% 40% 
Rest Potential -0.29 -0.29 -0.29 -0.29 -0.29 
volts, (SHE) 
Potential Decay 1.52 1.45 1.47 1.47 1.48 


















Thermodynamic Potential Data for the Pb-H 2o-H2so4 and Tl-H2o Systems at 25°C 
Pb++ + 2 e = Pb 
PbS04 + 2 e = Pb + so~ 
+ PbO·PbS04 + 2 H + 4 e = 
Reaction 
Pb-H 20-H 2so4 
2 Pb + so~ + H2o 
+ = 3PbO·PbS04 H20 + 6 H + 8 e = 4 Pb + so4 + H20 
+ = 4PbO·PbS04 + 8 H + 10 e = 5 Pb + S04 + 4 H4o 
+ PbOtet + 2 H + 2 e 
+ Pb(OH)z + 2 H + 2 e 
+ 
a-Pb0 2 + 4 H + 4 e 





Pb + H20 
Pb + 2 H20 
Pb + 2 H20 
Pb + 2 H2o 
+ 
a-PbOz + 2 H + 2 e = PbOtet + H20 
+ = 5 Pb0 2 + 12 H + so4 + 10 e = 4PbO·PbS04 + 6 H2o 


























TABLE II (Continuation) 
+ ~ 3Pb0 PbS04 H20 4 Pbo 2 + 10 H + so4 + 8 e = 
+ = PbO PbS04 + 3 H20 2 Pb0 2 + 6 H + so4 + 4 e = 
= + PbS04 + 2 H20 Q-Pb0 2 + so4 + 4 H + 2 e = 
= + PbS04 + 2 H20 8-Pb02 + so4 + 4 H + 2 e = 
T1-H 20 
+ Tl + e = T1 
T1+ 3 + 2 e = T1+ 
+ Tl 20 + 2 H + 2 e = 2 T1 + H20 



















The Anodic Dissolution of Tl in H2so4 -K 2so4 
and HC10 4 -NaCl04 Solutions 
Pedro J. Aragon 
Department of Chemistry and the Graduate Center 
for Materials Research 
University of Missouri-Rolla, U.S.A. 
Abstract 
The dissolution of Tl in acidic solutions (pH = 0.15 -
5.4) was studied. The results of anodic weight loss exper-
iments show that the metal dissolves electrochemically with 
a valence of +1. Experiments involving total self-dissolu-
tion in acids, with known weights of Tl, show that the 
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faradaic equivalent of the hydrogen evolved also corresponds 
to a valence of +1 for Tl. 
Galvanostatic and potentiostatic studies were made of 
the anodic behavior. A mechanism consistent with the rate 
data and the chemical behavior of Tl is: 
+ Tl (s) + e 
rds + Tl (aq) 
26 
Introduction 
In the metallic form, Tl is used as an alloying agent 
to improve the corrosion resistance of Pb. Because of the 
many applications of such alloys in corrosive sulfate media, 
the corresponding electrochemical properties of both pure 
Tl and Pb-Tl alloys are of interest. The work reported here 
is the first part of a more comprehensive study of the Pb-Tl 
system in H2so4 -K2so4 solutions. 
Few papers are found in the literature relating to the 
electrochemistry of Tl. Machu and Khairy1 studied its an-
odic behavior in solutions of NaCl, HCl, HC104 , and Na 2so4 . 
They found, under galvanostatic polarization, that two po-
tential steps ocurred when the electrolyte was either HCl 
or NaCl, and a single step for HC104 or Na 2so4 . This be-
havior was interpreted as due to the formation of a com-
posite anodic film (two layers) for solutions containing 
Cl ions, and a single covering layer for HC104 and Na 2so4 . 
The nature of the films could not be determined. 
Muller2 studied the anodic behavior of Tl in dilute 
acidic and alkaline solutions. He postulated the existence 
of Tl(II) intermediates, but to date their existence has 
not been corroborated. 
This paper reports work on the anodic dissolution of 
Tl in H2so4 -K 2so4 and HCl0 4 -NaCl04 solutions. 
Experimental 
Metal specimens were cut from a rod formed by melting 
Tl* in a pyrex tube (0.785 cm2) in a hydrogen atmosphere. 
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The anode assembly was completed by mounting the metal speci-
men in a teflon holder as shown in Fig. 1. This type of 
holder proved very satisfactory for the polarization and 
weight loss studies and allowed x-ray diffraction analyses 
and scanning electron microscopy (SEM) examinations without 
removing the specimen from the teflon sleeve. Prior to an 
experiment, the Tl specimen (in the sleeve) was polished on 
successively finer abrasive paper down to 600 grit, rinsed 
in distilled water, and placed in the cell. The cell was 
of the conventional H-type of 600 ml capacity. A platinized-
Pt counter-electrode was used. The reference electrode was 
calomel (1 N KCl) connected to the anode via a salt bridge 
and a luggin capillary. 
All solutions were made with analytical grade reagents 
and distilled water. Prepurified nitrogen was used for 
stirring and purging air from the system. All of the dissolu-
tion and polarization experiments were carried out at 25°C. 
*99.999% purity. Obtained from Electronic Space Products, 
Inc., Los Angeles, Calif. 
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During the experiments, the Tl anode was observed to be 
photoconductive for changes in the illumination of the elec-
trode during polarization altered the current readings. Ac-
cordingly, measurements were made under a constant level of 
illumination. 
Surface films. When exposed to air, it was apparent 
that a film formed on the Tl surface since it tarnished very 
rapidly, with a slight yellowish to brown tint. When the 
surface was placed in water or acidic solutions, the tarnish 
immediately disappeared. X-ray diffraction analyses of the 
surface of one of the electrodes detected Tl and one other 
phase which could not be identified as either Tl 20, Tl 2o3 , 
or any other plausible compound from the ASTM card file of 
diffraction data. As a further check Tl 2o3 , Tl 20 (grey-
black), and TlOH (yellow) were synthesized and x-ray diffrac-
tion spectra were obtained without succes in identifying 
the unknown phase. The d-values for Tl 20 and TlOH, togeth-
* er with their relative intensities, are given in Tab. I. 
Subsequent experiments showed that the unidentified phase 
arose when the Tl was melted in the pyrex tube. Shortening 
the time that the molten Tl was in contact with the tube 
*These are included because ASTM data are not available for 
TlOH and some discrepancies were noted between the measured 
and the ASTM values for Tl 2o. 
and removing the outer layer of the fused Tl rod eliminated 
the unknown phase. Polarization curves for Tl anodes both, 
with and without the unknown phase, were the same within 
experimental error. 
In an effort to form a relatively thick film on the Tl 
surface, some samples were also anodically polarized 1n ca. 
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5 M KOH, conditions favorable to the stability of TlOH. A 
light yellow powder either came off the Tl surface or nucle-
ated a short distance from it and precipitated. An x-ray 
analysis of this powder showed it to be TlOII. A similar 
analysis of the anode surface showed only Tl. 
Results 
A. Apparent valence studies. The apparent valence 
determinations were conducted anodically dissolving Tl 
in solutions of pH= 0.45, 2.2, and 3.4, and at current 
-2 densities of 0.1, 5.0, and 10.0 ma·cm In addition two 
weighed samples were allowed to undergo complete self-dis-
solution in 1 N H2so4 and the evolved hydrogen measured. 
The self-dissolution reaction was quite slow, requiring 20-
SO hours for the specimen to completely dissolve. It was 
also apparently cathodically controlled as the rate could 
' be greatly increased by touching the Tl surface with a Pt 
wire. 
The apparent valence was, in all cases, approximately 
one. Several qualitative tests for Tl(l) and Tl(III) were 
made on the solutions following the experiments, but no 
Tl(III) was detected. The results are given in Tab. II. 
B. Polarization studies. Tafel curves were obtained 
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for both aerated (in contact with air) and deaerated (purged 
with N2) solutions of H2so4 and H2so4 -K 2so4 , Figs. (2) and (3), 
and for deaerated solutions of HC104 and HC104 -NaCl04 , Fig. 
(4). The rest potentials and Tafel slopes are summarized in 
Tab. III. The rest potentials were pH independent and all 
+ slightly negative to the standard value of the couple Tl /Tl 
(E 0 = -0.336 V) as might be expected for solutions initially 
containing no Tl. The potentials involving Tl and oxides 
are considerably positive to this (E 0 = +0.48 V and greater) 
so apparently the oxides are not involved in the surface 
reactions controlling the rest potential. 
Several experiments were made in 0.5 M HC104 with ad-
ditions of K2so4 and NaC104 to check on the possibility of 
Tl+ ions forming sulfate complexes, Fig. (5). Some complexing 
is indicated by the current increases which accompanied the 
sulfate additions. 
Discussion 
From the foregoing, it appears that the film formed on 
Tl in air is very thin and apparently dissolves when coming 
in contact with water or acidic solutions. This, with the 
rest potential data and the absence of passivation during 
polarization, indicates that there is no film on the Tl 
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surface in the potential and pH range of this study. The 
slow rate of self-dissolution of Tl must then be due to its 
large.hydrogen overpotential or a relatively small number 
of local cathodic areas. 
Within the limits of the experimental error, the ap-
parent valence of Tl dissolving in acidic sulfate solutions 
is one. This is consistent with the Tl(I) species identified 
in solution and the rest potentials that are close to the 
+ Tl /Tl couple. It also agrees with the Pourbaix diagram 
for the Tl-H 2o system which shows Tl+ to be thermodynamically 
stable under the experimental conditions~ These establish 
the overall anodic dissolution reaction as being 
Tl(s) = + Tl (aq) + e (1) 
Complexing of the Tl+ is indicated to a slight extent 
as mentioned previously. Tl(I) complexes are rare, except 
for those having S or 0 ligands, which is applicable in this 
case. 
The polarization curves show only very slight pH and/or 
anion effect and the Tafel slopes, 0.053 - 0.062 V, are ca. 
2.3 RT/F. These, together with the observation concerning 
the lack of any surface film on Tl, suggest an anodic disso-
lution mechanism: 
+ Tl (s) + e = 
rds + Tl (aq) 
The corresponding rate equation is 
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Captions for Figures 
1. Composite teflon holder for Tl dissolution studies. 
2. Anodic polarization curves for Tl in deaerated H2so 4 -
K2so4 solutions at 25°C. 
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3. Anodic polarization curves for Tl in H2so 4 -K2so 4 solu-
tions in equilibrium with atmospheric o 2 . 
4. Effect of pH for the anodic dissolution of Tl in HC10 4 -
NaC104 solutions. 
5. Influence of salt additions on the anodic dissolution of 
Tl in 0.5 M HC10 4 at 25°C~ K2so 4 concentration at: 0 
-0.38 V, 0 -0.43 V; NaC104 concentration at: ¢ -0.37 V, 
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X-RAY DIFFRACTION PATTERN OF THE MATERIAL OBTAINED BY THERMAL 



























































































APPARENT VALENCE OF Tl DETERMINED BY ANODIC AND SELF DISSOLUTION EXPERIMENTS IN H2so4-
K2so4 SOLUTIONS AT 25°C 
A. Anodic Dissolution 
pH -2 1, ma.cm Theoretical 
weight loss 
0.45 0.127 0.0398 
0.45 1.27 0,2112 
0.45 12 . 7 0.2772 
2.4 0.127 0.1087 
2.4 1.27 0.1759 
2.4 12.7 0.1850 
3.4 0.127 0.1706 
3.4 1.27 0.1328 
3.4 12 . 7 0.1381 
B. Self Dissolution in 1 N H2so4 (pH = 0.45) 




































POLARIZATION DATA FOR Tl DISSOLVING IN SULFATE 
AND PERCHLORATE ACIDIC SOLUTIONS 
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Solution pH Rest Potential Tafel Slope 
(a) (b) 
v (SHE) 
1 N H2so4 0.45 -0.46 -0.48 
H2so4 -K2so4 2.20 -0.46 -0.48 
II 2so4 -K 2so4 3.40 -0.46 -0.48 
0.5 N HC104 0.15 -0.48 
HC10 4 -NaC10 4 1.00 -0.49 
HCI04 -NaC10 4 1.75 -0.48 
HC10 4 -NaC10 4 5.40 -0.49 
(a) Solutions in equilibrium with atmospheric o2 • 












The following is a list of the principal materials and 
reagents used in this investigation. More detailed analyses 
can be obtained from the chemical catalogues of the respec-
tive suppliers. 
1. Thallium. Type 5 N, K-5093B. Electronic Space 
Products, Inc., Los Angeles, Calif. 
2. Lead. Type 5 N, St. Joseph Lead Co., St. Louis, 
Mo. 
3. Sulfuric acid. Analytical reagent grade. 
Mallinckrodt Chemical Work. 
4. Nitric acid. Reagent grade, Fisher Scientific Co., 
Fairlawn, N. J. 
s. Potassium sulfate. Reagent grade, Fisher Scientific 
Co., Fairlawn, N.J. 
6. Acetic acid. Reagent grade, Fisher Scientific Co., 
Fairlawn, N. J. 
7. Ammonium acetate. Reagent grade, Fisher Scientific 
Co., Fairlawn, N. J. 
8. Nitrogen. Prepurified grade, Matheson Scientific 
Co., Joliet, Ill. 
Equipment 
1. Hand Grinder. Handimet, four stages, Buehler No. 
1470, Buehler Ltd., Evanston, Ill. 
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2. Power Supply. Model PP-351/U, Foto-Video Electron-
ics Inc., Cedar Grove, N. J. 
3. Ammeter. Ultra high sensitivity volt-ohm-micro-
ammeter, Simpson 269, Simpson Elect. Co., Chicago, Ill. 
4. Potentiostat. Anatrol Model 4100. Continental 
Oil Co., Ponca City. Oklahoma. 
5. Recorder. Moseley Autographt Model 7100 A, Mosely 
Co., Pasadena, Cal. 
6. Temperature Controller. Model 115, proportional 
temperature control, Fisher Scientific Co., Fairlawn, N.J. 
7. Resistance Box. Decade resistor, Central Scientific 
Co., Chicago, Ill. 
8. Scanning Electron Microscope. Model !.S.M., Japan 
Electron Optics Laboratory Ltd, Japan. 
9. X-ray Diffractometer. Siemens Crystalloflex Model 
IV, Siemens & Halske Aktiengesellschaft, West Germany. 
10. Electron Probe Microanalyzer. Model AMX Applied 
Research Laboratories Inc., Glendale, Calif. 
11. Optical Microscope. Model ABN-299005-5A, Bausch & 
Lomb Optical Co., Rochester, N.Y. 
APPENDIX B 
A - Power supply 
B - Variable resistor 
C - Current regulator device 
D - Milliammeter 
E - Cell 
F - Anode 
G - Gas inlet 
H - Cathode 
I - Constant temperature bath 
J - Recorder 
J 
Fig. 1-B. Schematic diagram of the apparatus for galva-






A - Anode 
B - Platinum cathode 
C - Electrolytic Cell 
D - Electrometer 
E - Potentiostat 
F - Recorder 
G - Reference 
electrode 
H - Salt bridge 
I - Constant temper-
ature bath 
Figure 2-B. Schematic diagram of the apparatus for 
potentiostatic studies of Tl and Pb-Tl alloys. 
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C. WEIGHT LOSS OF Pb ANODICALLY POLARIZED IN SOLUTIONS OF 
1 N H2so 4 WITH SMALL ADDITIONS OF HN0 3 • 
Weighed samples of pure Pb were dissolved at constant 
current for various periods of time in 1 N H2so4 containing 
small amounts of nitric acid. Seventeen hours appeared to 
be the minimum time which assured a measurable weight loss. 
Samples were weighed before and after each run to determine 
the weight loss. Corrosion films on the surface were 
* stripped off with a special solution. The nature of the 
films were determined by x-ray diffraction analyses. 
Two concentrations of nitric acid were used, 0.001 and 
0.01 N. A plot of the weight loss vs. current density is 
shown in Fig. 1-C. The corrosion products identified were 
Pbso 4 , Pb0 2 , Pb 2o 3 , and a very small amount of PbOtet" 
Due to the mechanical action of the evolved oxygen 
and/or film cracking caused by compressional forces, a 
spalling of the corrosion films was observed, particularly 
at the higher current densities. 
* s. Feliu, J. A. Gonzalez, and J. J. Royuela, "Chemical and 
Electrochemical Corrosion of Lead Alloys", Final Report, 
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Figure 1-D. Surface of Pb-1% Tl alloy electrode: 
(a) Polished, (b) After polarization at 1 . 20 V in 1 N 
H2so4 showing PbS04 crystals on a fine grain surface 




Figure 2-D. (a) Surface of a polished Tl electrode, 
(b) Surface of the Pb-60\ Tl alloy electrode after polar-
ization at 1.97 V in 1 N H2so4 (removed immediately from 




Figure 3-D. Surface of a Pb-60% Tl alloy electrode 
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Figure 4-D. Potential decay at open circuit for 



















0.1 1 10 100 
t, hours 
Figure 5-D. Potential decay at open circuit for a 

















0.1 1 10 100 
t, hours 
Figure 6-D. Potential decay at open circuit for a 
Pb-13% Tl alloy electrode after polarization for 24 hours 


















0.1 1 10 100 
t, hours 
Figure 7-D. Potential decay at open circuit for a 
Pb-20% Tl alloy electrode after polarization for 24 hours 

















0.1 1 10 100 
t, hours 
Figure 8-D. Potential decay at open circuit for a 
















0 .1 1 10 100 
t, hours 
Figure 9-D. Potential decay at open circuit for a 






Figure 10-D. X-ray diffraction spectra of a Pb-1% Tl 
alloy surface after polarization in 1 N H2so4 . Polarized for 
24 hours at (a) 0.00 V, shows PbS04 and 4PbO·PbS0 4 ; (b) 1.97 
V, then allowed to decay at open circuit to rest potential, 
shows only PbS04 
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60 40 20 
(b) 
(a) 
Figure 11-D. X-ray diffraction spectra of a (a) Pb-5% Tl 
alloy surface after polarization for 24 hours at 1.97 V in 1 
N H2so4 and open circuit potential decay to the first plateau 
shows PbS04 and PbOtet; (b) Pb-1% Tl alloy surface after po-






















Figure 12-D. X-ray diffraction spectra of a (a) Pb sur-
face after immersion in hot deaerated distilled water for 6 
hours, shows PbOtet' Pb(OH) 2 , and Pb(OH) 2 ·2PbC0 3 ; (b) Pb-5% 
Tl alloy surface after polarization for 24 hours at 1.97 V 
in 1 N H2so4 and open circuit potential decay to the rest 
potential, shows only Pbso4 
60 40 20 
(a) 
Figure 13-D. X-ray diffraction spectra of (a) pure 









Figure 14-D. X-ray diffraction spectra of (a) T1 20 3 , (b) 
T10H. 
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60 40 20 
... 
-
Figure 15-D. X-ray diffraction spectra of Tl 2o. 
Figure 16-D . Microphotograph of Tl anode after 




X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS PbS04 
2 8* d (exp.) d** 
Degree A A 
24.78 3.58 3.59 
25.86 3.45 3.44 
26.92 3.31 3.31 
27.86 3.20 3.20 
29.86 2.99 2.99 
32.66 2.74 2.74 
37.60 2.39 2.39 
40.04 2.25 2.25 
40.60 2.22 2.22 
43.92 2.06 2.06 
44.60 2.03 2.03 
* Radiation: Cu, >. = 1.5418 A 
** Lander J., J. E1ectrochem. Soc. 95, 174 (1949) 
TABLE II-E 
X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS a-Pb0 2 
* ** 2 a d ( exp.) d 
Degree A A 
23.33 3.81 3.82 
28.31 3.15 3.12 
32.65 2.74 2.74 
34.33 2.61 2.61 
* Radiation: Cu, A = 1.5418 A 
** Burbank J., J. E1ectrochem. Soc. 104, 693 (1957) 
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TABLE III-E 












* Radiation: Cu, A = 1.5418 A 









X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS 2PbO·PbS04 








* Radiation: Cu, A = 1.5418 A 











X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
2 a* d ( exp.) d** 
Degree A A 
20.00 4.44 4.45 
20.95 4.24 4.24 
24.81 3.59 3.60 
27.22 3.27 3.28 
32.78 2.73 2.71 
34.22 2.62 2.63 
40.41 2.23 2.23 
43.95 2.06 7 ---.... u:, 
* Radiation: Cu, A = 1.5418 A 
** A.S.T.M. Card No. 10-401 
69 
TABLE VI-E 
X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS Pb(OH) 2 







* Radiation: Cu, A= 1.5418 A 









X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS f3-Pb0 2 







* Radiation: Cu, A = 1.5418 A 
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X-RAY DIFFRACTION PATTERN OF THE ANODIC PRODUCT IDENTIFIED 
AS PbOtet 









* Radiation: Cu, A= 1.5418 A 













CURRENT DENSITY-TIME RELATIONSHIP FOR THE POLARIZATION OF 
A Pb-5% Tl ALLOY ELECTRODE AT 1.97 V IN 1 N H2so4 
Time Current* Time Current 
density density 
rna. ern - 2 rna. -2 ern 
0.5 sec 70.28 100 min 0.91 
1.0 3.43 300 0.86 
1.0 min 2.86 600 0.86 
1.5 3.57 800 0.89 
2.0 4.29 1,000 0.91 
3.0 2.97 1,500 0.91 
6.0 1.83 2,000 0.86 
30 1.06 2,500 0.86 
*Area of electrode: 3.48 crn2 
TABLE X-E 
CURRENT DENSITY-TIME RELATIONSHIP FOR THE POLARIZATION OF 
A Pb-13% Tl ALLOY ELECTRODE AT 1.97 V IN 1 N H2so4 
Time Current* Time Current 
density density 
rna. em -2 -2 rna. em 
0.5 sec 58.41 480 min 1.71 
1.0 2.34 840 1.80 
18 min 4.67 1,440 1.92 
60 1.99 2,160 2.10 
180 1.59 2,400 2.22 
300 1.64 3,000 2.34 
* Area of electrode: 3.61 cm2 
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TABLE XI-E 
CURRENT DENSITY-TIME RELATIONSHIP FOR THE POLARIZATION OF 
A Pb-20% Tl ALLOY ELECTRODE AT 1.97 V IN 1 N H2so4 
Time Current* Time Current 
density density 
-2 -2 rna. em rna. em 
0.5 sec 41.10 120 min 0.12 
1.5 min 0.15 180 0.09 
15 0.35 240 0.09 
30 0.24 600 0.09 
60 0.15 800 0.09 




CURRENT DENSITY-TIME RELATIONSHIP FOR THE POLARIZATION OF 
A Pb-40% Tl ALLOY ELECTRODE AT 1.97 V IN 1 N H2so4 
Time Current* Time Current 
density density 
rna. em -2 rna. em -2 
0.5 sec 71.64 162 m1n 10.75 
20 8.96 222 11.34 
1 min 4.48 282 10.75 
30 5.37 342 10.45 
36 7.16 522 9.25 
42 6.57 642 9.25 
102 8.06 1,242 9.25 
* Area of electrode: 3.48 cm2 
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TABLE XIII-E 
CURRENT DENSITY-TIME RELATIONSHIP FOR TilE POLARIZATION OF 
A Pb-60% Tl ALLOY ELECTRODE AT 1.97 V IN 1 N H2so 4 
Time Current* Time Current 
density density 
-2 -2 
rna. em rna. em 
0.5 sec 90.36 720 m1n 21.39 
1.0 4.52 840 21.0 8 
6.0 4.67 960 21.08 
30 m1n 3.01 1,200 21.6 9 
60 4.82 1,440 23.19 
120 9.34 1,680 24.40 
240 19.28 1,800 25.00 
360 22.29 2,160 25.30 
480 22.59 2,400 24.70 
600 21.69 2,700 24.40 
*Area of electrode: 3.48 cm 2 
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